INTRODUCTION
L ow-molecular-weight heparin (LMWH) is commonly used to treat deep vein thrombosis. The dose is usually based on the patient's body weight, and for some preparations the manufacturer recommends a daily maximum dose. Unlike the situation for unfractionated heparin, no effective antidote is available for LMWH overdose. Protamine sulphate neutralizes the anticoagulant effect of unfractionated heparin, but it is only partially effective against LMWH. Protamine sulphate is composed of polypeptides that bind heparin to form a stable, inactive complex that inhibits the anti-factor IIa effect of LMWH, 1 but the effect on anti-factor Xa is only partial, 2, 3 reaching up to 74%. 4 Despite the frequent use of LMWH, there are few descriptions of management strategies for LMWH overdoses. Furthermore, most case reports of LMWH overdose have involved patients who were relatively young. [1] [2] [3] [5] [6] [7] To the authors' knowledge, the current article is the first report of LMWH overdose in a patient over 80 years of age.
CASE REPORT
An 85-year-old woman with a medical history of hypothyroidism, hypertension, and a single transient ischemic attack presented to her local emergency department with a 3-day history of pain and swelling of the right leg.* Proximal deep vein thrombosis was diagnosed by ultrasonography, although no major risk factors for deep vein thrombosis were identified. LMWH treatment (dalteparin, 200 U/kg or 22 000 U daily, administered subcutaneously) was started in the emergency department. This dose exceeded the manufacturer's recommended maximum daily dose of 18 000 units. Warfarin 10 mg was also initiated on the day of diagnosis. The patient was discharged home in stable condition with a plan for injections of dalteparin to be performed by a home care nursing service. On the second day of treatment, the patient was mistakenly given 82 500 units of dalteparin from a multidose vial of medication. The nurse who was administering the medication recognized the error almost immediately, and the patient was sent to a tertiary care hospital for further management.
Upon initial assessment in the emergency department, the patient's vital signs were stable, and she had no symptoms or signs of overt bleeding. At that time, the white blood cell count was 12 × 10 9 /L (normal range 4.5-11 × 10 9 /L) , hemoglobin was 127 g/L (normal range 120-160 g/L), and the platelet count was 247 × 10 9 /L (normal range 150-350 × 10 9 /L). Serum creatinine was 189 µmol/L (normal range 49-90 µmol/L), with an estimated glomerular filtration rate of 33 mL/min (normal range for age ≥ 70 mL/min). The activated partial thromboplastin time (aPTT) was 112 s (normal range 26-38 s), international normalized ratio (INR) was 1.4 (normal range 0.8-1.2), and the anti-factor Xa (anti-Xa) level was 3.6 U/mL (therapeutic range while on LMWH 0.5-1.2 U/mL).
Because of concerns about the risk of bleeding, protamine sulphate was administered intravenously, starting with a 50-mg bolus given over 30 min, followed by continuous infusion over a total of 13 h (50 mg/h for 6 h, then 30 mg/h for an additional 7 h). The warfarin was discontinued, and the patient was given vitamin K 10 mg and prothrombin complex concentrate 5000 IU, both administered intravenously. Over the next 13 h, there was a steady decline in aPTT and anti-Xa toward normal levels (Table 1) . There was no evidence of overt bleeding or changes *The patient gave informed consent for publication of this report.
in hemoglobin during her 36-h stay in the emergency department. She was discharged home with a prescription for dalteparin 18 000 units to be injected by the nurse using prefilled syringes, starting the next day. Warfarin was also resumed. She received a total of 6 months of anticoagulant therapy, and her leg symptoms resolved.
DISCUSSION
LMWH is an effective anticoagulant, but its use is associated with a risk of bleeding that is magnified in cases of overdose. Excretion of LMWH is primarily renal. Elderly patients may be particularly susceptible to the risks of bleeding with LMWH overdose, given that glomerular filtration rates are commonly reduced and bleeding risk with anticoagulation is increased in older patients. [8] [9] [10] [11] To our knowledge, the patient described here is the oldest person to have received a massive LMWH overdose. The oldest patient previously described in the literature was a 69-year-old woman with tinzaparin overdose. 12 The current patient received more than 4 times the manufacturer's recommended dose of dalteparin. The significance of the overdose was increased by the patient's impaired renal clearance. Given the potential risk of bleeding, a 13-h continuous infusion of protamine sulphate was administered, and coagulation parameters were monitored. Fortunately, this patient did not experience bleeding complications, and anticoagulation with dalteparin and warfarin was successfully resumed.
This case is important for 2 reasons: the patient received one of the highest doses of LMWH ever reported, and she was an elderly patient with impaired renal function. One contributing risk factor for overdose in this case was the use of a multidose vial for administration of the LMWH. The use of prefilled syringes may be a better option to avoid dose calculation errors.
Currently, there is no consensus about the optimal management of LMWH overdose. Some guidelines recommend the use of protamine sulphate, particularly if there is major bleeding.
Previous case reports and case series have reported good outcomes with administration of protamine sulphate to patients with LMWH overdose. 1, 3, 13 However, there have also been reports of supportive management of LMWH overdose without administration of protamine sulphate. 5, 6 Definitive evidence-based guidelines on dosing of protamine sulphate and frequency of monitoring are lacking. In its guidelines, the American College of Chest Physicians suggests using 1 mg of protamine sulphate per 100 anti-Xa units of LMWH in the first 8 h and another 0.5 mg per 100 anti-Xa units if the bleeding continues. 13 The patient in this case received a total of 560 mg of protamine sulphate, which is less than the dose recommended by the American College of Chest Physicians (calculated at 825 mg). This lower dose reflected the patient's age and the absence of overt bleeding. Protamine sulphate is recognized as only partially neutralizing LWMH, which may relate in part to the degree of sulphation of the compound. 4 Serious adverse events related to protamine sulphate are uncommon. Anaphylaxis causing death occurs in about 0.2% of patients.
14 Other adverse effects include gastrointestinal upset (nausea and vomiting), hypotension, and hemorrhage.
In the largest retrospective case series, van Veen and others 15 described a cohort of 17 patients receiving the LMWH enoxaparin, in whom reversal was needed because of bleeding or surgery. Protamine sulphate use was associated with a reduction in bleeding; however, 3 of the patients continued to experience bleeding or rebleeding, despite administration of protamine. Protamine sulphate had minimal effect on reducing anti-Xa levels in these patients.
This case had some limitations. It is not possible to draw definitive conclusions about the effectiveness of this therapeutic approach on the basis of a single case report, and the outcome of the case might have been equally satisfactory with observation and supportive care alone, as noted in some previous reports. 5, 6 
CONCLUSION
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